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TETRAFLUOROAZIDOANILINE AND
METHOD OF MAKING AND USING THE
SAME

that contain a chemically reactive group as Well as a pho

FIELD OF INVENTION

molecule, for example the ligand’s receptor, using UV

The present invention relates to a ?uorinated aryl aZide
and the method of making and using the same as an

illumination. Depending on the reactive properties of the
chemical and photoreactive groups, these crosslinkers can

photoaf?nity probe and photoreactive group. In particular,

be used to couple like or unlike functional groups. Fluori
nated aryl aZides are useful in these processes because they

toreactive group. These crosslinkers are ?rst chemically
reacted With one molecule, for example a receptor ligand,
and then this modi?ed molecule is coupled to a second

the ?uorinated aryl aZide is 4-aZidotetra?uoroaniline or an

alkyl, acyl or sulfonamide derivative thereof.

generate nitrenes, thereby producing more C—H insertion

BACKGROUND OF THE INVENTION

Per?uorophenyl aZides have been used extensively in the
biochemistry and molecular biology ?elds as photoaffinity
probes to study protein structure and function. In addition,
aryl aZides have been used in optical lithography as photo
resists. Aphotoaf?nity probe is a labeling reagent that has a

15

tend to react With nucleophiles rather than form C—H

insertion products. Photolysis products of the ?uorinated
aryl aZides are clearly aryl nitrenes and undergo character

photoactive moiety such as an aZido or diaZo group that

istic nitrene reactions such as C—H bond insertion With high

forms a stable covalent bond With a targeted protein by CH
insertion.
For example, an aZide labeling reagent can be attached to

ef?ciency.
A photocrosslinking agent knoWn in the art is 4-aZido-2,
3,5,6-tetra?uorobenZyl amine. This benZylic amine has a

an active site of an enZyme molecule. When the labeled

enZyme is exposed to ultraviolet light, there is a loss of
nitrogen and the formation of a highly reactive intermediate,

products than the simple aryl aZides.
Simple aryl aZides may be initially photolyZed to
electron-de?cient aryl nitrenes that rapidly ring-expand to
form dehydroaZepines thereby producing molecules that

pKa of approximately 9. The crosslinking reagents of the
25

present invention have an anilino nitrogen, and not a ben

a singlet nitrene, Which reacts rapidly With a nearby protein

Zylic amine, and have a pKa closer to —1 pKa units. In

molecule such that the protein forms a covalent bond With
the enZyme.
Para-substituted penta?uorophenyl aZides are among the

one carbon further aWay from the amino functionality than
in the 4-tetra?uoroaniline aZide. Because hetero

most popular labeling agents used as photoaf?nity probes.

bifunctional crosslinking probes have demonstrated utility

addition, the nitrogen in the prior art crosslinking agent is

Their popularity stems from the fact that non-?uorinated

for determining the proximity of tWo sites on a molecule or

arylaZides do not form the highly reactive singlet nitrene
intermediate upon photoactivation, rather they form an elec
trophilic dehydroaZepine intermediate With a very different
and undesirable reactivity. A variety of these aZides have
been synthesiZed in accordance With the folloWing reaction:

betWeen tWo different molecules, the 4-tetra?uoroaniline
aZide molecule alloWs the generation of probes that are an
atom shorter than current probes, thus alloWing shorter
distances to be probed.

35

SUMMARY OF THE INVENTION
X

X

The object of this invention is to provide neW photoaf

?nity labeling agents having a chemically reactive electron

NaN3/Acetone/H2O

donating amino group para to the aZido functionality.
Another object of the invention is to provide a photoaffinity
labeling agent Which Will extend the range of existing

Reflux

F

N3

hetero-bifunctional crosslinking reagents. Afurther object of
45

the

invention

is

to

provide

a

compound,

4-aZidotetra?uoroaniline, and its alkyl, acyl and sulfona
mide derivatives, having a chemically reactive electron

Wherein X is an electron WithdraWing group such as CN,

CONH2, CHO, CO2CH3, COCH3 and NO2 (Keana et al., J.

donating amino group para to the aZido functionality. A still
further object of the invention is to provide a method of
making 4-aZidotetra?uoroaniline, or its alkyl, acyl or sul

Org. Chem., Vol. 55, No. 11, pp. 3640—3647 (1990)). All of
the prior art per?uorophenyl aZide photoaffinity labeling
agents have electron-WithdraWing groups para to the aZido
functionality. There is a need for a photoaf?nity labeling

fonamide derivative from a stable carbamate intermediate.

agent having a chemically reactive electron donating group

Still another object of the invention is to provide for a

para to the aZido functionality. There is also a need for

method of using 4-aZidotetra?uoroaniline, or its alkyl, acyl

photoreactive crosslinking agents Which are hetero
bifunctional having a chemically reactive electron donating

55

or sulfonamide derivative as a photoaf?nity labeling agent.

The other objects and characteristics of the present invention
Will become apparent from the further disclosure of the
invention.

group para to the aZido functionality.

Photoreactive crosslinking reagents are important tools
for determining the proximity of tWo sites on a molecule or

betWeen tWo molecules. These probes can be employed to

DETAILED DESCRIPTION OF THE
INVENTION

de?ne relationships betWeen tWo reactive groups on a pro
tein molecule, on a ligand and its receptor, or on separate

biomolecules Within an assembly. In the latter case, photo
reactive crosslinking reagents can potentially reveal inter
actions among proteins, nucleic acids, and membranes in

The present invention is directed to a novel
4-tetra?uoroaniline aZide and to the mono- and
65

di-substituted alkyl, acyl, or sulfonamide derivatives

live cells. The general scheme for de?ning spatial relation

thereof, including mono-alkyl-mono-sulfonyl derivatives,

ships usually involves photoreactive crosslinking reagents

and the method of making and using the same as a photo

US 6,252,096 B1
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af?nity probe. In particular, the compounds of the invention

-continued

have the following formula:

(IV)
F

F

F

HZN

F

N=N

F

NHZ

F

F

F

10

The formation of C—H insertion product (III) indicates that
4-aZidotetra?uoroaniline forms a singlet nitrene upon pho

N3

tolysis.
The novel 4-aZidotetra?uoroaniline compound is made by
15

Wherein R‘ and R“ are independently hydrogen, C1—C8 alkyl,
C1—C8 allylic, unsubstituted benZyl, or benZyl substituted

forming a stable carbamate intermediate and then converting
the carbamate to 4-aZidotetra?uoroaniline. TWo embodi
ments are disclosed.

In the ?rst embodiment, a stable carbamate is formed via

With up to ?ve substituents selected from the group consist

a modi?ed Curtius rearrangement by transforming

ing of N02, N3, NH2, NHR‘", N(R‘")2, N(R‘")3+, halogen,

4-aZidotetra?uorobenZoic acid into an intermediate acid

and C1—C8 alkyl Where R‘" is hydrogen, C1—C8 alkyl, C1—C8

chloride, converting the acid chloride into an acyl aZide, and
further converting the acyl aZide into an isocyanate by
thermal rearrangement. A stable carbamate is formed by
reacting the isocyanate With an alcohol. The carbamate

allylic, or an unsubstituted benZyl. The most preferred

compound is the unsubstituted compound,
4-aZidotetra?uoroaniline (I) having the folloWing formula:
(I)

25

NHZ

includes an acid labile group Which is derived from the
alcohol. The carbamate is then converted to

4-aZidotetra?uoroaniline by removal of the acid labile
group. The reaction scheme for the ?rst embodiment is
illustrated as folloWs:
Reaction Scheme I

COZMe

COZMe

F

F

F

COOH
F

F

F

35
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The most preferred derivatives of 4-aZidotetra?uoroaniline
are N-iodo-actamido-4-tetra?uoroaniline aZide and 1-(4

F

aZido-tetra?uoroaniline)-dansylsulfonamide.

F

—>

F

F

F

When 4-aZidotetra?uoroaniline (I) or its alkyl, acyl or
sulfonamide derivative is irradiated With ultraviolet light in
the presence of cycloheXane in accordance With the folloW

(V)

F

N3

N3

(VI)

(VII)

l

ing reaction scheme, three primary products are formed: 1,4

-diaminotetra?uorobenZene (II), cycloheXylaminotetra?uo
robenZene (III) and aZotetra?uorobenZene (IV). The reaction
is

exempli?ed

beloW

With

respect

R \O

45

to

NH2

4-aZidotetra?uoroaniline.
F

NHZ

F

F

0% NH
F

F

F

F

F

F
<_

F

F

H
—

Ultraviolet Light
F

H2N

F

H

N3

F

N/\
F

(I)

55

F

(III)
F
H

F

F

N3

(I)

(VIII)

(CH3)3SiCH2CH2—. In particular, methylpenta?uoroben
60

Zoate (V) is converted to 4-aZidomethyltetra?uorobenZoate

(VI) by the nucleophilic substitution With NaN3 in the
/

HZN

N3

Wherein R is acid labile group such as (CH3)3C— or

(II)
F

F

N\<:>

presence

of

Water

and

acetone.

The

4

-aZidomethyltetra?uorobenZoate is subjected to hydrolysis
With

NaOH

in

aqueous

methanol

to

give

4-aZidotetra?uorobenZoic acid (VII). Compound (VII) is
converted to an intermediate carbamate (VIII) by converting
it to an its acid chloride, reacting the acid chloride With

US 6,252,096 B1
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NaN3 to form an aZide derivative, transforming the aZide

In particular, penta?uoronitrobenZene (IX) is converted to
4-aZidotetra?uoro-nitrobenZene
by nucleophilic substi

derivative into the isocyanate by heating the aZide and then
reacting the isocyanate With an alcohol capable of forming

tution With NaN3 in the presence of Water and acetone.
Compound
is reduced With Sn and HCl in ethanol to

an acid labile group. The preferred alcohol is t-butanol or

2-trimethylsilylethanol. The carbamate (VIII) is treated to

form 1,4-diaminotetra?uorobenZene (XI) Which is con

remove

verted to ?uroenylmethoXycarbonyl carbamate (XII) by
reacting it With N-9-?uroenylmethoXycarbonyl chloride in

the

acid

labile

group

to

form

4-aZidotetra?uoroaniline
If the acid labile groups is
(CH3)3C—, the carbamate (VIII) is treated With a solution of
HCl in acetic acid. If the acid labile group is (CH3)3
SiCH2CH2—, tri?uoroacetic acid is used to form
4-aZidotetra?uoroaniline
The second embodiment of the invention is a ?ve step

the presence of pyridine and ethyl acetate. The ?uroenyl
methoXycarbonyl group on the amino group is a base labile
group and functions as a protective group for the amine.

Compound IX is reacted With NaNO2, folloWed by NaN3, to

form 4-(3-nitro-N-9-?uorenylmethoXycarbonyl)
tetra?uoroaniline aZide (XIII). The base labile group is

process Wherein a stable carbamate having a N-9
?uorenylmethoXycarbonyl group Which functions as a base

removed

?uorenylmethoXycarbonyl)-tetra?uoroaniline, is formed by
reacting N-9 ?uorenyl-methoXycarbonyl chloride With
p-aminotetra?uoroaniline.

The

N-9

?uorenylmethoXycarbonyl group functions as a protective
group. The carbamate is converted to an aZide Which is then
converted to 4-aZidotetra?uoroaniline by removal of the
base labile group. The reaction scheme for the second
embodiment is illustrated below:

by

using

20

molecules.

The aniline nitrogen may be alkylated by reductive ami
nation utiliZing NaBH(OAc)3 With any aldehyde function

NH;

P

F

F

F

F

F

F

F

NH;

(X)

(XI)

0% NH
F

No2
F

F

N3

(XIII)

(XIII)

NH2
F

F

F

F

N3

(1)

form

proXimity of tWo sites on a molecule or betWeen tWo

NO;

(IX)

to

agent. As already noted, bifunctional photoreactive cross
linking reagents are important tools for determining the

Reaction Scheme II

F

piperidine

4-aZidotetra?uoroaniline
The formation of derivatives of 4-tetra?uoroaniline aZide
alloWs for the formation of a bifunctional cross linking

labile group is formed. The carbamate, 4-amino-(N-9

US 6,252,096 B1
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and a Lewis acid catalyst such as TiCl4. The NaBH(OAc)3
is a mild enough reducing agent such that the aZide function
is not damaged.

the solution to less than 1. The resultant organic material

extracted With CHCl3 (3x, 150 ml). The organic extracts
Were combined, Washed once With Water, and then dried
With MgSO4. The solution Was ?ltered and concentrated to
leave 9.83 g (98%) of 4-aZidotetra?uorobenZoic acid as a

The aniline nitrogen may be acylated by a chloroacetyl
chloride and then converted to an iodoacetyl via the Finkel
stein reaction to form N-iodo-acetamido-4-tetra?uoroaniline
aZide. This molecule includes an iodoacetamido functional
ity Which is reactive With a Wide range of nucleophilic

colorless solid. Sublimation (80° C., 0.5 mm Hg) gave the
analytical sample of 4-aZidotetra?uorobenZoic acid as col
orless needles having a melting point of 140—141° C.

moieties. Speci?c examples include the thio of cysteine
residues of proteins and amino groups of lysine residues on
proteins. The reaction of the iodoacetamido group With one
of these nucleophiles forms a covalent bond betWeen the
acetamido-4-tetra?uoroaniline aZide and the molecule bear

10

ing the nucleophile. The covalent bond forming reaction
does not interfere With the 4-tetra?uoroaniline aZide portion
of the molecule. The neW molecule provides hetero

General Procedure for the Carbamate Synthesis and
Formation of 4-AZidotetra?uoroaniline
2.00 g (8.51 mmol) of 4-aZidotetra?uorobenZoic acid Was
dissolved in 30 ml of ethyl ether folloWed by the addition of
1.88 g (9.02 mmol) PCl5. The mixture Was stirred for 1 hour

15 at room temperature. The solvent Was removed in vacuo

leaving a yelloW oil Which Was further dried for 1 hour at 25°

bifunctional crosslinking agent properties such that

C. under vacuum to form an acid chloride of

acetamide-4-aZido-tetra?uoroaniline function can be photo

4-aZidotetra?uorobenZoic acid. The acid chloride Was dis

solved in 45 ml of dry acetone, and the resulting solution

activated to form either intra-molecular or inter-molecular

crosslinks through the nitrene intermediate.
When 4-tetra?uoroaniline aZide is reacted With danZyl
chloride or sulfonyl chloride, the corresponding sulfonamide
derivative is formed. The 1-(4-aZido-tetra?uoroaniline)
dansylsulfonamide derivative is a ?uorescent photoaf?nity

20

probe that alloWs the ?uorescent labeling of non-polar

25

extracted With hexane again. The hexane layer and the
extracted organic material extracted from the aqueous layer
are dried With MgSO4, ?ltered and concentrated to form an

residues and surfaces With the dansyl moiety. It is activated
to form a singlet nitrene upon photolyis With either short
Wave or longWave length UV light. The dansylsulfonamide
derivative probe alloWs for spatially de?ned ?uorescent
labeling of substrates because the formation of a covalent

Was added dropWise to a rapidly stirred solution of 2.03 g
(31.2 mmol) sodium aZide in 6.5 ml of Water at 0 ° C. After
15 minutes, 60 ml hexane and 60 ml Water Were added. The
hexane layer Was removed and the aqueous layer Was

acyl aZide. The acyl aZide Was then dissolved in 20 ml
anhydrous benZene and heated at 70° C. After heating at 70°
30

C. for one hour, either 5 ml (52.3 mmol) of anhydrous
tert-butanol or 2.5 ml (17.4 mmol) of 2-trimethylsilylethanol

bond is dependent on photoactiviation. This has the utility in

Was added. The solution Was stirred at 70° C. for an

generating speci?c patterns of ?uorescence by microphoto

additional six hours to form the carblamate. The red-violet
reaction mixture Was concentrated, loaded into a silica

lithography on surfaces.
Examples 1 and 2 beloW set forth in the detail the tWo
embodiments. Example 1 is Reaction Scheme I While
Example 2 is Reaction Scheme II. Because aryl aZides are

35

Tert-butanol formed 2.29 g of a carbamate identi?ed as

4-(N-tert-butyloxycarbonyl)tetra?uoroaZide. Sublimation
(70° C., 0.5 mm Hg) folloWing by crystalliZation from
hexane provided the analytical sample of 4-(N-tert

light sensitive, all reactions and ?ash chromatography pro
cedures Were conducted under diminished light. Further, all
of the reactions described beloW Were conducted under dry
argon and stirred magnetically. Reaction temperatures
referred to in Examples 1 and 2 are external bath tempera
tures. Example 3 beloW sets forth in detailed steps for

40

needles having a melting point of 80° C. In a 50 ml
butoxycarbonyl)-tetra?uoroaZide Was dissolved in 5 ml
methyl dichloride at 0° C. To the solution, 15 ml of a 1 M
45

Preparation of 4-AZidotetra?uoromethylbenZoate
Into a 250 ml round bottom ?ask equipped With re?ux
condenser Was added 80 ml acetone, 31 ml Water, 3.09 g

tetra?uoromethylbenZoate With stirring to form a mixture
Which Was then re?uxed for 16 hours. The mixture Was

cooled, diluted With 100 ml Water, poured into 200 ml

CHCl3, and extracted (3><) With CHCl3. The combined
55

NaZSO4 and evaporated to yield 10.60 g (96% yield) of a
colorless liquid Which solidi?ed into a colorless solid con

sisting of 4-aZidotetra?uoromethylbenZoate having a melt
ing point of 54—55° C.
Preparation of 4-AZidotetra?uorobenZoic Acid
A solution Was prepared by mixing 10.60 g of
4-aZidotetra?uoromethylbenZoate With 180 ml MeOH and
18 ml Water. To this solution, 15 ml of 20% aqueous NaOH

HCl solution in acetic acid Was added. The solution Was
stirred at 0° C. for tWo hours and then stirred at room
temperature for 12 hours. 20 ml of Water Was added to the
mixture and the mixture Was transferred to a separatory

funnel containing 150 ml hexane/ethyl ether (1:1 v/v) and 20

(47.6 mmol) of sodium aZide, and 10.0 g (44.2 mmol) of

organic extracts Were then Washed With Water, dried With

butyloxycarbonyl)tetra?uoroaZide as colorless prismatic

pear-shaped ?ask, 1.31 g (4.28 mmol) 4-(N-tert

forming the acyl and sulfonamide derivatives.
EXAMPLE 1

column, and puri?ed by ?ash chromatography (5% EtOAc
in hexane).

60

ml Water. The aqueous layer Was discarded and the organics
Were then Washed With 5% NaHCO3, and Water and then
dried With MgSO4, ?ltered over a short pad of silica gel, and
concentrated to yield 0.73 g of 4-aZidotetra?uoroaniline.
2-Trimethylsilylethanol formed 2.74 g of a carbamate
identi?ed as 4-(N-2-trimethylsilylethoxycarbonyl)
tetra?uoroaZide. 1.50 g (4.28 mmol) of the carbamate Was
dissolved in 25 ml of methyl dichloride at 0° C. To the
resultant solution Was added 2.5 ml tri?uoroacetic acid. The
solution Was stirred at 0° C. for three hours and then for 12
hours at room temperature. The reaction mixture Was sloWly

quenched by the addition of a saturated NaHCO3 solution.
The reaction mixture Was transferred to a separatory funnel

containing 100 ml of ether and 20 ml of Water and shaken.
The aqueous layer Was discarded. The organic layer Was

Was added. The resultant solution Was stirred overnight at 65 Washed With Water, dried With MgSO4, ?ltered through a pad
25° C. The stirred solution Was placed in an ice bath and
of silica gel, and concentrated to yield 0.76 g of

acidi?ed by adding 2N HCl to the solution reduce the pH of

4-aZidotetra?uoroaniline.

US 6,252,096 B1
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EXAMPLE 2

Preparation of 4-(3-Nitro-N-9

Fluorenylmethoxycarbonyl)tetra?uoroaZide

Preparation of Tetra?uorophenylenediamine

6.00 g (14.9 mmol) of 4-(N-9-?uorenylmethoxycarbonyl)

Commercially available penta?uoronitrobenZene Was
converted into 4-aZidotetra?uoronitrobenZene by

tetra?uoroaniline Was dissolved in 100 ml of tri?uoroacetic
acid and stirred at 0° C. for 10 minutes to Which 4.12 g (50.3

nucleophic aromatic substitution With NaN3 by methods

mmol) of solid NaNO2 Was added in portions over 15
minutes. After addition of the NaNO2, stirring Was contin

Well known in the art. Into a 500 ml round bottom ?ask

equipped With re?ux condenser Was added, With stirring,
25.0 g (0.12 mol) of penta?uoronitrobenZene, 200 ml of
acetone, 75 ml of Water, and 8.15 g (0.13 mol) of sodium

ued for an additional 15 minutes resulting in a red-violet
10

aZide. The resultant solution immediately intensi?ed in color
and Was brought to re?ux for 12 hours. The solution Was
cooled and diluted With 50 ml of Water. Acetone Was

removed from the solution under reduced pressure. The

remaining mixture Was then poured into 200 ml of CH2Cl2,
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solution to Which 3.27 g (50.3 mmol) of solid NaN3 Was
added over a 10 minute period. The solution Was then stirred
at 0° C. for 80 minutes. The temperature of the solution Was
raised to room temperature over 10 minutes. The solution

Was then poured onto 400 ml of ice-Water and stirred. After
5 minutes of stirring, a solid Was formed. The solid Was
?ltered, Washed With Water (2x) and dried in vacuo at 40° C.

and organic residues extracted (3><) With CH2Cl2. The

6.30 grams of 4-(3-nitro-N-9-?uorenylmethoxycarbonyl)

extracted organic residues Were then Washed With Water and
brine, and then dried With MgSO4. The residues Were then
?ltered through a short pad of silica gel that Was rinsed With

tetra?uoroaZide (an off-White solid) having a melting point

200 ml CH2Cl2. The CHZCl2 Was evaporated under reduced

of 151—152° C. Was obtained by recrystalliZation from a
20

Preparation of 4-AZidotetra?uoroaniline

pressure to yield a yelloW-orange oil of
4-aZidotetra?uoronitrobenZene Which required no further

Into a 250 ml round bottom ?ask Was added 3.08 g (6.51

puri?cation.
Into a 1000 ml three neck round bottom ?ask equipped
With re?ux condenser Was added 200 ml of 95% EtOH and

mmol) of 4-(2-nitro-N-9-?uorenylmethoxycarbonyl)
25

added to the mixture. The resultant solution Was stirred at 0°
C. for 50 minutes and then at room temperature for 10
minutes. The solution Was poured into a one liter separatory
30

addition of 140 ml of concentrated HCl over 30 minutes. The
mixture Was re?uxed for 4 hours, cooled to room
temperature, and placed into an ice-bath. The mixture Was

made basic by the sloW addition of 160 g NaOH dissolved
in 250 ml of Water. The mixture Was Warmed to room 35
temperature and 100 g of NaCl Was added. The mixture Was

poured into a 2 liter separatory funnel containing 600 ml of

ether, and organic residues extracted (3><) With ether. The
organic residues Were Washed With Water and then With
brine, and dried over MgSO4. The remaining residues Were

?ltered and evaporated resulting in the formation of an
off-White/pink solid. The solid Was puri?ed by sublimation
(90° C. per 0.5 mm) to yield 17.88 g of colorless crystals of

funnel containing 200 ml ice-cold 2N HCl and 150 ml ethyl
ether. The aqueous layer Was discarded and the resultant
organic solution Was Washed With 1N HCl, Water, and brine.
The solution Was dried With MgSO4, ?ltered, and concen
trated to yield a crude orange-broWn solid. The solid Was

puri?ed by sublimation to give 1.25 g of
4-aZidotetra?uoroaniline as golden crystals having a melting
point of 68—71° C.
EXAMPLE 3
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TWo derivatives of 4-aZidotetra?uoroaniline Were

prepared, each having utility as a hetero-bifunctional pho
toaf?nity reagent. The derivatives prepared Were N-iodo
acetamido-4-tetra?uoroanaline aZide and 1-(4

tetra?uorophenylenediamine having a melting point of
143—145° C. These crystals Were stored in a foil-Wrapped
container under argon at —20° C.

tetra?uoroaZide and 100 ml of ethyl ether. The mixture Was

placed in an ice bath and 10 ml (0.10 mol) of piperidine Was

60 g (0.51 mol) of poWdered tin (325 mesh) With stirring to
form a heterogeneous mixture. To this mixture, 26.41 g (0.12
mole) of 4-aZidotetra?uoronitrobenZene dissolved in 50 ml
95% EtOH Was sloWly added folloWed by the dropWise

mixture of CHZCl2 and pentane.

45

aZidotetra?uoroaniline)-dansylsulfonamide.
Preparation of N-Iodo-Acetamido-4

Preparation of the N-9-Fluorenylmethoxycarbonyl

Tetra?uoroanaline AZide

Carbamate

A 50 ml round bottom ?ask Was charged With 0.53 g (2.57

Into a 250 ml 3-neck ?ask equipped With a 50 ml addition

mmol) of 4-aZidotetra?uoroaniline, 0.50 ml (3.78 mmol) of

funnel Was introduced 8.35 g (46.4 mmol) of freshly puri?ed
tetra?uorophenylenediamine, 100 ml of dry EtOAc, and
3.75 ml (46.4 mmol) of anhydrous pyridine. After stirring to

collidine, and 25 ml of anhydrous EtOAc. After stirring to
homogeneity at room temperature, 3.00 ml (37.7 mmol) of
chloroacetyl chloride, dissolved in 5 ml dry EtOAc, Was
added dropWise to the solution over a 30 minute period. The

homogeneity at room temperature, the ?ask Was immersed

in an ice bath, and 10.0 g (38.7 mmol) of N-9
?uorenylmethoxycarbonyl chloride dissolved in 35 ml dry

55

reaction mixture Was then stirred at room temperature for 6

60

containing 150 ml of EtOAc, and the organic layer Was
Washed With Water, 1 N HCl, and 5% NaHCO3. The etheral
layer Was then dried With MgSO4 and concentrated. The
residual solid Was puri?ed by ?ash chromatography (10%

hours. The mixture Was poured into a separatory funnel

EtOAc Was added dropWise to the solution over a 30 minute

period. The mixture Was stirred at 0° C. for 4 hours, and then
stored at room temperature overnight. The reaction mixture
Was poured into a separatory funnel containing 500 ml of
EtOAc, and the organic layer Was Washed With cold 1 N HCl
(2><), Water and then With brine. The product Was dried With

NaZSO4 and concentrated, resulting in the formation of
off-White crystals Which Were subsequently recrystalliZed
from CHCl3/hexane to yield 14.30 g of the carbamate,
4-(N-9-?uorenyl-methoxycarbonyl)tetra?uoroaniline, as
?ne colorless needles having a melting point of 189° C.

EtOAc in hexane) to yield 0.57 g of a White solid of

4-(N-chloroacetyl)tetra?uoroaZide having a melting point of
109—110° C. This compound is converted to the correspond

ing iodide, 4-(N-iodoacetyl)tetra?uoroaZide, via the Finkel
65

stein reaction. Into a 50 ml round bottom ?ask Was added

0.36 g (1.27 mmol) of 4-(N-chloroacetyl)tetra?uoraZide
folloWed by 20 ml dry acetone and 1.91 g (12.7 mmol) of

US 6,252,096 B1
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What is claimed is:
1. A compound for use as a photoaffinity probe having the

NaI. The solution Was stirred at room temperature overnight.

The mixture Was poured into a separatory funnel containing
150 ml EtZO, Washed once With Water, and dried With

folloWing formula:

MgSO4. RecrystaliZation from cycloheXane afforded 0.44 g

(93%) of 4-(N-iodoacetyl)tetra?uoroaZide (?ne colorless
needles) having a melting point of 151—153° C. The iodide
derivative is attractive because the chemically reactive
iodoacetamido group is conjugated to the per?uoroaryl aZide
Which can form a singlet nitrene upon UV irradiation.
10

Preparation of 1-(4-AZido-Tetra?uoroaniline)

Dansylsulfonamide

To a solution of 0.206 g (1.00 mmol) of
4-aZidotetra?uoroaniline in 10 ml of anhydrous THF at —78°
C. Was added 0.278 g (1.03 mmol) of dansyl chloride

15

immediately folloWed by 1 ml (1.00 mmol) of lithium
bis(trimethylsilyl) amide (1 M solution in THF). The solu
tion Was stirred at —78° C. for 2 hours. The solution Was
sloWly Warmed to room temperature, and stirred for an

unsubstituted benZyl, or a benZyl substituted With up to ?ve

substituents selected from the group consisting of N02, N3,

NH2, NHR‘", N(R‘")2, N(R‘")3+, halogen, and C1—C8 alkyl
20

Wherein said compound is 4-aZidotetra?uoroaniline.
3. The compound of claim 1 Wherein said compound is a

containing dansyl sulfonamide Were combined and concen

trated affording 0.295 g (67%) of 1-(4-aZido
25

While this invention has been described With reference to

detailed description. It is therefore intended that the folloW

ing appended claims be interpreted as including all such
alterations and modi?cations as fall Within the true spirit and
scope of this invention.

sulfonamide derivative of 4-aZidotetra?uoroaniline.
4. The compound of claim 3 Wherein said sulfonamide

derivative is 1-(4-aZido-tetra?uoroaniline)

several preferred embodiments, it is contemplated that vari
ous alterations and modi?cations thereof Will become appar
ent to those skilled in the art upon a reading of the preceding

Where R‘" is hydrogen, C1—C8 alkyl, C1—C8 allylic, or an

unsubstituted benZyl.
2. A compound comprising the compound of claim 1

additional hour. The solution Was concentrated and puri?ed

by ?ash chromatography (15% EtOAc in hexane). Fractions

tetra?uoroaniline)-dansylsulfonamide.

Wherein R‘ and R“ are independently hydrogen, C1—C8
allylic, an acyl derivative, a sulfonamide derivative, an

dansylsulfonamide.

5. The compound of claim 1 Wherein said compound is an
30

acyl derivative of 4-aZidotetra?uoroaniline.
6. The compound of claim 5 Wherein said acyl derivative
is N-iodo-acetamido-4-tetra?uoroaniline.
*
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